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[inn 

3y**z/*-;^ K(s i CO : RMWkZ&]k-t2>1j& 0 

«jxh4rvv7>> 1, 3, 5 - tf-^- 1 , 3, 

1, 3. 5, 7 -r h y \£=.)V- 1 , 3, 5, 7-fF7^f*y^nf l>7yo 
1, 3-yf-JVf F^fJi'yynH^ ^ + -9- if -;i/^->n 7 <J 

1 KfefcOyj&o 

-JH^fJPy7>, 1. 3, 5, 7-T 1, 3, 5, 7-f F^fJl' 

y^nf ^7ynH>> T'J^f^y^y, 1, 3 - >* tf-^-f h 9 ^ f^yyn 

nmG^yV^yXim&'T'imitG-ygrfhVJT-fri/yy, F'Jxf;i,y7y, hj > 

^^yy7>, fl>7XFtyy7>, A^t^f;uy^ n h >J vn^f-9->\ 
f^y^nrh^yn^fy, 7f5xf ji/y^nff^yntty, * ? * ff-fr^/ <7 
nrf7yn^fy, A^tyf^yyD^fy, tf ^ 1; * ij )\, * ^ > % tf^;u 
M^^y?^ tf-;V b 'JxfjW/7>, k'xjPfijy Fipyy^y, fcf:=.;i/MJx 
h*vv?^ % 1, 3, 5 - h 'J kf^ju- l , 3, 5-F'J^f^y^Dh'jyn^f y 
> 1, 3 f 5, 7 -r h 9 tT-;i/- 1 , 3, 5, 7 - f- j. 9 j-)Vy? Uy- Y y*s n^-9" 
1, 3-yk*x;i/fF7^^yyn^ty x A^tf-jPvyn^ty, r^Ji-y 
^*->7>, T'JJVy^^y^V, xfxji/fij^f^y^y, xfx;u>ijxf ;v 

mm « v 3 > x imui- j mt&m^T- h 7 ^ f- ;u v y y , ^ * -9- ^ if- ;u ->* -> n * -9- 
RVt F7^fJPy^Dr h7yn^t>^P,^SS^A,Ii??tis;i:^ffi:t 

^Mmmt&m*^ c=ch 2 , F 2 C=CF 2 , h 2 o=cf 2 , hfc=cfh, f 2 o=g=cf 2 , h 2 o=o=cf 2 , 

HFG=G=CFH, HC=CH, FC=CH, FC=CF, Cl 2 G=CCI 2 , H 2 C=CC1 2 , HCIC=CC1H, Cl 2 G=C 
=CC\, ^C^CCI,, HCIG=0=eCIH, CICsOH, CICsCCI, Br 2 C=CBr 2 , H 2 0=CBr 2 , H 
BrC=CBrH, B 2 20=O=CBr 2 , H, C=C=CBr 2 , HBrO=C=CBrH, BrC^CH, BrC=CBr, I 2 G=CI 2 
, H 2 G=a 2 , HIG=aH, I 2 0=C=CI 2 , H.C^CL,, HIG=C=CIH t IC=CH, %V IC=CI 

T^msnt&m% c=cn 2 xiiF 2 c=cF 2 x~&z>zt t -r-5, , 1 ^im.^&o 
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i o] 

10 0-50 OtlEHOfi^T-0. 5 -8«HW»Aa-J-4ii:t#at-J-4, 

a i teao^tt. 

1] 

K(s i CO : H)9flL 
[0 0 0 1 ] 

*»9§n, ffi»«*a:«-r4**fl:?*L^->y 3^*i/*-^ kcs i co ■ h)* 

[0 0 0 2 ] 

ULSI (ultra-large-scale integrated : lAffft|«)Bfti:lOv> £> it* m^l^O*£ 
3 *>flkN # v> , € p*3& ovx fiE ffl v>M v» * ir * > ^ Ki * ~> y j- n>MS&WW&K. 
*oTv»4 0 ftot, aE#©-»ft^';.3>C8 ilicon d i o x i d e ; S i 0, 
■ )Xli7yiMfk'>'J 3 >Cf l u o r i n a t e d silicon oxide; S 
i OF) J: *>ilfcv»lWI#l([(k)*'bo#fJtoH»* < Ka?*irv>4. 
[0 0 0 3] 

#§#1^6, 1 4 7, 0 0 9^Cli, Wftl^yX-vx^/N^^ F^If f t > 
>*~rt^»*OJS}!HI#fcfcWk£>1% Si, C, 0, XO r HOK^***i-*S(r«#«'» 

Kfrlil, 3, 5, 7-fh7^f;V->^Dfh7->D#t>(TMCTS, C 4 H 16 0 4 
S i 4 \ r hyxf^^Dr r ^n^XC. H, 4 0 4 S i 4 )Xtt7»*> n 
^>^->n^>(c 10 H J0 O,S iO^Jr^iflriWfcfllitSr^a^T**. Ltf>U HIT 
ffi#frfcffi&*itfc*gt<0iWTOtt3. 3-4. 0 t<Kj»i:Kv» 0 «riB«Rc5»*#Sfc 
£3<bM££&££K, *S#ff£6, 3 1 2, 7 9 3^-?tt2o&±<Dmfrh*2>&m 
*lTV>« 0 L^L> #*SCmu 1 t i - p h a s e)^Sfi^t 3. 2 J: «J 
v>k fit 0 
[0 0 0 4] 

[0 0 0 5] 

*3&93<7>§lftti, ^3(R#CCDV)««f«-ffl^T5fi:#S*ifcffi|JI**ft**-r47lc*^$ 
tlfcv"J n -A>f KCS i CO : H)»ll*«iti-&^*Jftffi-f 

o 

[0 0 0 6] 
[0 0 0 7] 

-^3t*^T"f 'J n >(organosilicon)X(i«y-T SCorganosilicateMk-^tl, 
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CO : H)*R*Rfi-f*;frtfc*iitt1-4. 
[0 0 0 8] 

S i C0H»K4r««1-4. 
[0 0 0 9] 

[0 0 10] 

fc5"j3m5/*-^ KCS i CO : H)*R*»it1-i*j£*tlft« e 
[0011] 

*»WKttoT, ffi»m#IB:**«S i C0H*K*-»J*1-4X«tty9XvCVD« 
g> «J*- Kremot e)^5XvC VDXIi/>f HKdirect ^7 

[0 0 12] 

lcJ:o-C7>r-f(9)i:v^^>^^^ i 5'^C5)^jSM$tL, 77^/^7 **JiftJS 

M>T , S|^#SCF-> y 3 >H«Zfl:ttfi£!lttK v ? * > ^tK ? * x (5 )fc#>fcs ti 
[0 0 13] 

SI 1 bC*?Jlfc^>f 1^ hX?XvC VDggKjS^T, M#3>'r^(2)^ 
[0 0 14] 

fi-xf - i s ;f fi*ntr«-> y 3 > x w BMfc-^l& * ffl ^ Tft^as* ^fi 1 •? 
ztZGtt. 1km.H:%.tt+i> S i C0H^S^M1-^^S^«?tL* o > 
[0 0 15] 

£*< i "b-oofcr-/i/Xliif--A/ag**1-*^ft«*«5.y 3 >X -ffcoft 

'Jxh4r->->7> % 1, 3, 5 - h »J 1 , 3, 

^nMJ'/n^y, 1, 3, 5, 7-rh9tr-;i/-i, 3, 5, 7-fh?x 

->7>, xf-;n.ijxf;k>5>, % V Z tlh<D tl& 0 
[0016] - . 

#*->'J 3>Xtt#«^>f«*ffl^T*<7>ircCi n s i t u)M?tTU^ 0 
[0 0 17] 

«m*ft«:^4s i C0H*»*Mi-4*ffi*qi«?n4. a>xtt* 

*^^»^»t^ft«^k7lt3)ftofi^lfcrti : 0. 1-1: 1 oottBhWf* U* 0 
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[0 0 18] 
[0 0 19] 

x ^^7>, M;^h#->->9^> F'JxK^>5V, fI«5^fJl/">5V, f h7 
'> D W>, f h7^f^y^nf h 7yn^f>, rF^xf-JPy^Df hyyn^f 

[0 0 2 0] 

^ft»^k**fl!)^Sfl<j4«t LTtt, H|C-CH, F,G=CF,, H,C=CF, HFC=CFH F C= 
G=CF,, H,G=C=CF, , HFC=C=CFH, HCsCH, FC=CH, FC=CF, G, C=CG, , H,b=CCl, 
, HC1C=CC1H, G, 0=0=CG, , H,C=C=CG 2 , HGC=C=CGH, GC=CH, GC=CG Br, 
0=CBr,, H,C=CBr 2 , HBrC=CBrH, 8,20=0=061-,, H, C=C=CBr, , HBrC=C=CBrH BrfeCH 
, BrCsCBr, 1,0=0,, H, 0=G 2 , HI0=CIH, I 2 0=0=01, , H,C=G=a,, HIC=C=CIH 

IC=CH, IC=a^^ *i % ffi Lv»WliH,G<HXJiF 1 &dCF 2 36«^in*o 

[0 0 2 1 ] 

*ISW-CfflV»P,*LS«^^fl:fcLTIi, 0,, N,0, Q,, H,G,, CO,, H, 0£ tf£ *l £> <7> 
[0 0 2 2] 

#3&W<7>yj£li, 1 0 0-8 0 orofiJtfgffl-CO. 5 - 8 I9MK jtf t L < l± 4 5 0 tlT 

&fg;i£m'&&£^r-*-& s i coH*ui^e>*L*o mm&mts e>K ioo-9oot 

[0 0 2 3] 

oT«ft Sllfcfflittfcttti S iC0H%Sl±2. 8&T*>«*#»C 
k)£#U ifc, Mi:M?a^Wt:^iS i COH*Rtt#*Kttv>l. 
6-2. 6 *>IEfflo*m#Sfc(k U ioStS*«clil«a»:*iI*1-*c:fcK:J:o 

[0 0 2 4 ] 
[0 0 2 5 ] 

B9 1 bfc^Stlfc^W h^9Xvj6H"Cx t*-^ h ^f;i->7>(VTMS, Si 
CHuJXO'CS-^TP t*K±CS i C0H»R*3K&#Lfc o JMBHa^MKO,/ 
VTMS©MJklil-l 3. 3 0«|T«Afc, KlESrt^JE^aVfiJtJi-etL-eit 1 
mmHgXO f 3 0T;t*»), Jnx. ^fc7*?X7/<7-ll 6 0W?*ofc, i^i^KL 
T^*$*L^:»RSrA r#H^T-C3 0 0 - 5 0 0 tJOSJtlSH-C^S LT« mftft 

[0 0 2 6] 

8-2. 4 <D»m tf *ESK &&^*v*£*3*ifc*£Mt2. 

3-2. 8^»**jfifc*^r1"4it*^LT^4 0 HI 4 5 fi, 0 2 /VTMS<a3Mt : 
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[0 0 2 7] 

(Jtffcfl 1 ) 

VTMS^fCfciJUr h7>W7>(4MS, S i C 4 H lz )£ffl</>S C t **v>Ttt 

LT#^tL/c^m<7)ifs^^c(±3. o~3. 5-c*«j, z<vmimmmiK£<Dxm 

[0 0 2 8] 

VTMS^fo^Cf h7^i^7>(4MS, S i CHuJt^F.^MCl • 

gift** 1 tlPHi«:Xe*ffoT3(|#$*Lfc*Rt#fctt, 

[0 0 2 9] 

H 6X0*8 7.*, H*$*Lfc*Rfc, ItftClHIH^iKO^I^iSTOSt 

*#**L-o>* 0 3&*3*ufc*Rf*3. o JfiiT«>ffSflHfc*# u 4 5 os-eaMnts* 

*lfc»Rl*2. 5 JslTOSf«#&*^rl-4 0 08X^18 9 tt, 0 ; /(4MS + C 2 FjOS 

«aa*=4 o 0T3)*«*R^»m*»txtrr«#**i- o 3 0 0-5 0 or-co. 5 

BM**fc«L*:*R»i2. 7 5 JftT«!)»«*»**i-*. 
[0 0 3 0] 

3 ) 

VTMS©ftfc »9 fc-f h y \£—)Vt h 7* f-JV-y? nf h 7 ->n^ft>(TVTMCT S 
[0 0 3 1 ] 

Hi OXtfH.1 lf*> ^*9n^»R&m*ttKff^$tL^»RoiKXM&a r m* 
»**m^LTV4, If?tlt|Ili2. 4&T<&»m#&£WU 4 5 0tf* 
&3$*ifc»Rli2. 2£lT^»m#Sf[*^r1-4« HI 2X0*01 3tt, 0,/TVTMC 
TSO?)«tJk!6«4t*i»i, ^^-ftLMSS^(*fc^L3i^W=0. 5B*M)XO r aWa s 

9*m(ft«Mft-4-5 or)*«*Ro»m#»^xtJi-«#*^-j- 0 3 0 0-5 0 ot 

■CO. 5WjHIL/:|Ili2. lJWTO»«#«:**1-*. 
[0 0 3 2] 
(Jfc««l 2 ) 

VTMS^^:7F7^f^y7D7N7yn+t>(TMCTSO, S i 4 0 4 C 4 H 
x .)£fflv>*£i:*|fcv>TtiU gifiWl tl^«4XigSrffoTjK#$tLfc»R*#fc 0 h 
llK^Lfci^, ^J:?KLT#^ft£gR^|£miimii2. 5-3. 3 "C* »> , 

i^figJfi^3JcJ:oT#f>*L^»R^m^J: «9iSv^ 0 
[0 0 3 3] 

4 ) 

VTMSOft^ "9 Kf h 9**A' 9 s9 nf h yvn^^fXTMC T S 0, S i 4 0 4 C 4 H 
[0 0 3 4] 

HI 4SO0 1 5li, JI*?nfc»Rt^*atc|fc&a$*L^»R^^aXO f lil«* 
&£#*7FLT^£ 0 &*3ftfc»R»*2. 3 &T<Z>mW.1%&.i# U 4 5 0^^*1 
3*lfc»Rli2. 2WTOlf«ftftt^r1-*o Hi 6X0*13 1 7»i, 0,/CTMCTSO 
+ C 2 H4)«aE*Jt*«2-C*4»^ ^tL^^|**L3lfiJt(SfcMB#W= 0. S^W^O' 

&Mmmm(.&Mmum= 400 ^)^R^^m*ft^xt?i-j^#*^i-o 300-50 
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*\ ■ 

[0 0 3 5 ] 

(*JI«5) 

VTMS<7)ftbf)i:v7'J^y^f;V->7>(DADMS, S i C , H 15 v>4 i t * 
[0 0 3 6] 

HI 8#tf01 9 t±> II^SnfcJIRt^ftKilfcjaasnfcSIJR^^SX^fia* 
**#**Ltv>4, **£*L*:*Rli2. 8Jrr<0***jfc**U 4 5 0t«I 
Ztlt:nmt2. 4UT^STOtt4, 0 2 0X^0 2 Hi, 0,/DADMStfDSE 
*Jfrd f 4-C*4i&£\ ^tl^tLM31S.S(M31l^ra= 0. SftMX&WM&lttNK* 
Mfi&=4 5 QVnWm<Dn'&ft&KJB L lTt&W**-to 3 0 0 - 5 0 0tt0. 5 

[0 0 3 7] 

VTMS^ftfcD 1 , 3--?lf-*r h7^fJVy'>n^t>(DVTMDS0, Si, 
[0 0 3 8 ] 

132 2 £0*0 2 3 12, ^*$tl^*||^||*^i^3$n^:»JRO^«^»a r m'ft 
3*tfc*Rtt2. 4 JSLT<0«MHMk**1-4. 02 4&tf02 5 f2, 0,/DVTMDSO 

oaE*jfc*«2-c***^ ^*i-eitjft*yifijtQ!!i«!.aii»H»o. s^mimmi^M 
(&&gag= 5 o or)*«*R^«m*if[icx«i-*#s:^i- 0 300-50 or-eo. 

[0 0 3 9 ] 

(&ifefl 7 ) 

VTMStfJftfcUfclf^HJ* h*yy7>(VTMOS, S i 0, C 5 H l2 £ 
**«lfcn**ia4rffoT3H#S*ifc»RSr»fc|fc, £*i*fc&&L 

/Co 

[0 0 4 0 ] 

02 6&tf02 7f2, ^^n^^RfclK^tljfc&asiifcJIR^^iacrsfB* 
ft*#**LTV*S 0 &*SJlfc*Rtt2. 2-2. 7 5 OHM&S:* U 4 5 0t?-C 
ft&S3*lfcWRttl. 9-2. 5 5©Wt*»*#1-* 0 0 2 8X0*0 2 9 J2> 0 2 /V 

tmos 2 -e*L-etLfsfc«kafij^ci*«!iS^w= o. 5B#ra)&tM* 

«fcai*M<B«!azajt=4 5 o^)*n*Rof«*jftfcxir*i&» 300-500 

"C-C0. 5 B*WH»f*&a 2 . 4&T<0»**&*#-J-* O 

[0 0 4 1 ] 
8 ) 

VTMS^fc^:if^JVf'J>f;Uy7>(ETMS, S i C, H 10 )*ffiv>4 C t * 
[0 0 4 2] 

03 0x0*03 1(2, mM$iiitwtikkmMm~mmztLfcnmv%mi?*&ammik 

S?*lfc»RUt2. 3 5WTO»B#»*^r-r4o 03 2X1/0 3 3tt, 0 2 /ETMS<7> 

MSH = -3 5 0 rW s *R?)»l*»i:XBt«f *^t, 3 0 0 - 5 0 0tt0. 
5*mft«9L*:*Rtt2. 3 5 &TOtt**»**1-*. 
[0 0 4 3 ] 

9 > 

VTMSOftk&fc^*^>f-;i'i/->n*-9->CHMDSO. S i 2 O C, Hi,)fc C 2 H 4 1 
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R£#fc&, U^IMU;, 
[0 0 4 4 ] 

»*#**LT^4 0 &*3*ifc*Rli3. 0J^F<&Bi**&*#U 4 5 0t-C^I 
3Ji*:»Rl*2. 0 5JaTO«*#Jfc**^-4o E3 3 6SOf|2l3 7»i, 0 2 /(HMDSO 

+ c,H«)oai:ifc*<4-e**si^ -e H-f**tjfcia3iiiajKci!fe«!.aB*M = o. smmmv 
iiwiicttisi= 4 5 o 'cwnm^mntm^i-rmm^to 300-50 

OtJ-CO. 5&Mfc*fe31L*:*Rlil. 7-1. 9 0Sim#ft*^r1-4 0 
[0 0 4 5 ] 

OHSRJi, a#offi»m#Sfc»S(l ow k-material)J:t)#ti:^, 2 
[0 0 4 6] 

[0 0 4 7] 

[hi a] *%m^£^x»m*Mj£?&<Dizm^hfr&77X^Km&<Dflti&mo 

[Hi b] *!&WtJ:oT»R=Sr^t-*Otfflv»f,iL4^9XvRjt&Sfl5tt*H 0 
[0 2 ] *3&9Jo&*« 1 T-# h Htz *Ro 0 2 /V TM S **Jfc J: * 

[i3] *3&Wo£Jifl 1 XtfJtttM 1 -C# *l*:*R<*> O 2 /V T M S £ 0 2 /4 M S X 
Mifcfc J: 2>mW.Hz8.<vmkZ*t7y 7 0 

[a 4 ] i -c# t, *Lfc*R<^sk«.aajR»c x ^mm^^mt^-r^y 

7, 

[0 6] *J&EO&*«2^$&*lfc*R<0O,/C4MS + C 2 F 4 )X*it J: * * 
I® 8} *%®<D%MM 2 "C# f> *Lfc*Rofft*fcafijR*c J: *»«*JkO*-fk**1-^ 5 

ih 9 ] 2-?®h fitzMm<^^mmmK x hm^^mt^-r^y 

[HI 0] *l&W^^^3-e#f>tL/cj?R^0 2 /TVTMCTS05itftlt:^«l:S^-^ 
[Hi 1] *&W<O%MmzT&V&mW2^&blXfcB&<O0i/TVllACTS0JkV0 

2 /tmc t s oxsjt^i z>mmi%®L<Dmtzmi-yy y 0 
[hi 2] *ii«^**W3T#^*Lfc*Rof!fcAaffljt»;i4»«*ft^as'fb*^-r^ 

77, 

[Hi 3] *^^*^J3^#^n^^^MS^WlcJ:*|fm't^^k«r^-r^ 

77, 

[HI 4] *ISW^**«l4T#P>tLfc»RO0,/CTMCTS0 + C 1 H4)-Mit*wJ:4 

vm^&<vmt*7fi-t>fy 7 0 

[H l 5] **W^*iS«l4-Cft^*Lfc»ROO,/CTMCT S O + C, H 4 )*«JfcfcJ:4 
[HI 6] «^^^Mi^J4T#^tL^^M^MaSS^ct4^m^^^<b^^t^ 
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77, 
77, 

77, 

[@2i] ^m^nmi5T^hhtzMm<D^MmmmKXhmn^<7)mt^'ry ™ 

[02 2] *%W<V%MM6X*®hflt:mmv>O l /DVTMDS OMi&K £ 2>fc%$m 

[023] *%m<v%mm 6 t# h tutnmn o 2 /dvtmd so s» an: «t*»m*ik 

^^b§r^1-^7 7o 

77, 

[025] ^m<Dnmi6x^h^tmm<D^immmKXi>mm^(Dmt^-t^ 

77, 

[02 6] *l&ig<7)^Jfi^7-C#f)*L^?fJ^<7)0 2 /VTMO S M»it:K J: &Jt^SO'£ 20 
^£^1-^7 7, 

[02 7] «^<7?*Jfi^J7-C#^*L^^K<7)0 J /VTMO Sffi&itK £ 2>mmi%&<V%. 

[02 8] *M^*^7T^^ti^^M<7)^SfiJ^^J:^|fm^to^b£^1-^ 
77, 

[029] ^m^mm7X'^hiitzmm<Dmmmmm\zx&mm,^^m^^-rv 
77, 

[03 0] *%w<DmmM8x®biitzBm<vo 2 /ETMsmm&K£zfcB$&<r>mft 

S:7Fl-^7 7, 

[03 1] *^O^^8T#ibtL^jill<7)0 J /ETMS^*ifc^J:2>^m't^^'ft: 30 
%7p-?yy 7, 

[03 2] 8 -e# tL^ili«iSSi: J: siit^ift^/7t ? 

77, 

[033] ^m^mmsxmhiimm^mmmmmKx&mn^^mt^-ry 

77, 

[03 4] ^m<D^mM 9 T^hiltzW^O 2 /CEMD S 0 + C, H 4 <fc 
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METHOD FOR PREPARING LOW DIELECTRIC FILMS 



HELP QF THE I^VEMIQN 

5 The present invention relates to an improved plasma chemical vapor 
deposition (CVD) method for preparing a low dielectric c 
silicojHXxyearbide (SiCO:H) film. 



RAncfiROUND OK THE INVENTION 

10 

With ever decreasing size of electronio devices mi ford in VLSI 
(ultra-large-scale integrated) circuits, mere has emerged the problem of 
increased capacitance of intralayers and/or mterUryers, causing signal delays. 
Th er e fore, there has been a need to develop a low dielectric constant (k) 

15 material having a k- value lower than that of the conventional silicon dioxide 
(SiOj) or fluorinaled silicon oxide (SiOF). 

US Patent No. 6,147,009 discloses a low dielectric constant material 
produced by reacting the vapor of a precursor containing atoms of Si, C» O and 
H in a parallel plate plasma enhanced chemical vapor deposition chamber, the 

20 precursor being a molecule wim a ring structure such as 
M^J-tetamcthylcydo^ CJl^u), 
tetrae%k^clote4rasU or 
dccametfaylcyclcycBiasaox with or without added oxygen. 

However, the dielectric constant of the disclosed film is a till high, in the range 

25 of 3 J to 4.0. To further reduce the dielectric constant of the material 
described in the patent, US Patent No. 6312,793 proposes a low k material 
consisting of two or more phases.' However, the multi-phase material still 
has a k-value of more than 3JL 

Accordingly, the present inventors have endeavored to develop a novel 

30 material having a dielectric constant lower than those of i 



SUMMARY QF TP S BffiBfflQM 

It is, therefore, an object of the present invention to provide a method 
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for preparing an improved low dielectric constant hydro gcnatcd 
sflicoD-ox>TOrbide (SiCO.1T) film using a chemical vapor deposition (CVD) 
technique. 

h is another object of (he present invention to provide a SiCOH film 
* s having a didectric constant (k) lower than ihose of conventkmaJ low dieloctric 
materials. 

In accordance with one aspect of the present invention, there is provided 
a method for preparing a low dielectric constant hydrogenated 
a tlicoo-oxycarbide (SiCO JI) film which comprises conducting chemical vapor 
io deposition using, together with an Orconiaining gas plasma, an organosilicon 
or arganosibcaJe compound having at least one vinyl or ethinyl group, or a 
mixture of a s a turated organosilican or organ ceilicafce compound and an 
unsaturated hydrocarbon. 

b accordance with another aspect of the present invention, there is 
15 provided a low chelectric constant SiCOI? thin film having a dielectric constant 
(k) of 2.6 or below, prepared by said method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The above and other objects and features of the present mvonbon will 

become apparent from the following description thereof; when taken in 

conjuncrion with the acconmanying drawings winch resr^ectrvery show: 

FIGS, la and lb: «-n*rm«ir . diagrams of the plasma reactor used in 

forming a thin film in accordance with the present invention; 
25 FIG. 2: variations in carbon contents of the film obtained in Example 1 

of the present invention with CyVTMS How rano, respectively; 

PTO. 3: variations in electric constants of the films obtained in 

Example 1 and CornparanVe Example 1 of the present invention with 

OyVTMS and OjttMS flowrano, respectively; 
30 FIGS. 4 and 5: changes in the dHectnc constant of the film obtained in 

Example 1 as fooctkm of annealing temperature and annealing time, 

respe ct ively; 

FIGS. 6 and 7: variations in carbon contents and dielectric constants of 
the film obtained in Example 2 of the present mvenoon with CV^MS+OPh) 
js flow ratio, respectively; 

FIGS. 8 and 9: changes in the dielectric constant of the 61m obtained in 
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Example 2 as function of annealing temperature and annealing time, 
respectively, 

FTC 10: variations in carbon contents of the fibn obtained in Example 3 
of the present invention with O/TVTMCTSO flow ratio, respectively; 
5 FIG. II: variations in dielectric constants of the films obtained in 
Example 3 and Comparative Example 2 of the present invention with 
O/TVTMCTSO and O/TMCTSO flow ratio, respectively; 

FIGS. 12 and 13: changes in the dielectric constant of die film obtained 
in Example 3 as function of ai m ea hn g temperature and a nnc ahng time, 
iu respectively; 

FIGS. 14 and 15: variations m carbon contests and dielectric constants 
of the film obtained in Example 4 of the present invention with 
CyfTMCTSOK^HU) flow ratin» respectively; 

FIGS. 16 and 17: changes in the dielectric constant of the firm obtained 
is in Example 4 as function of annea l ing temperature and ann e aling time, 
respectively; 

FIGS. 18 and 19: variations in carbon contents and dielectric constants 
of the film obtained in Example 5 of the present invention with CyDADMS 
Sow ratio, respectively; 
20 FIGS. 20 and 21: changes in the dielectric constant of the film obtained 
in Example 5 as function of an ne a l in g temperature and annealing tune, 
respectively; 

FIGS. 22 and 23: variations m carbon contents and dielectric constants 
of the film obtained in Example 6 of the present mvtntton with CVDVTMDSO 
25 Sow ratio, respectively; 

FIGS. 24 and 25: changes in the dielectric constant of the firm obtained 
m Examnlo 6 as function of a nnealing temperature and annealing txmcy 
respectively; 

FIGS. 26 and 27: variations in carbon contents and dielectric constants 
30 of the film obtained in Example 7 of the present invention with O/VTMOS 
flow ratio, respectively; 

FIGS. 28 and 29: changes in the dielectric constant of the film obtained 
in Example 7 as Amotion of ymvftiing temperature and annealing time, 
respectively; 

35 FIGS. 30 and 31: variations in carbon contents and dielectric constants 
of the aim obtained in Example 8 of the present invention with Oj/ETMS (low 
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ratio* respectively; . 

FIGS. 32 and 33: changes in the dielectric constant of (he film obtained 
in Example 8 as function of snaeaiing temperature and ann e alin g lime, 
respectively; 

5 FIGS. 34 and 35: variations in carbon contents and dielectric constants 
of die films obtained in Example 9 of the present invention with 
C*/(HMDSCH C2H4) flow ratio, respectively; and 

FIGS. 36 and 37: changes in the dielectric constant of the film obtained 
in Example 9 as function of annealing temperature and annealing time, 
20 respectively. 

BlgMaaJOESCBimatflE the invention 

The present invention provides a method for preparing a low dielectric 

15 constant bytirogenated siluxm-oxycarbidc (SeCO.H) film by way of conducting 
chemical vapor deposition using, together with an Oy-co o t amm g gas plasma, 
an organosweon or organosil teats compound having at least one vinyl or 
ethinyl group, or a mixture of a saturated organo silicon or c^gaaogdjeatp 
compound and an unsaturated hydrocarbon. 

20 In accordance with the present mvatfioa, the process for fanning a low 
(bdectrtc constant SiOOH film may be conducted, using a plasma CVD 
apparatus, cg^ a remote plasma CVD or a direct plasma CVD apparatus. 

The remote plasma CVD apparatus shown in FLO. la comprises a 
quart* tubc(6), an antenna(9), a matching box(5), a high-frequency electric 

25 power source(10), a mass Dow controilei(7) for feeding a silicon precursor, a 
precursor container^ and a mass Sow controHer<8) for feeding a reactive 
gas. The antenna is wound around the outer periphery of the quartz tube^X 
to thereby connect the sntenna{9) and the matching box(5), which is 
connected to the high-frequency electric power sourceOO). The quartz 

30 tnbe(6) is connected to the mass flow controller^) for feeding an 
Orcontaining gas via a rube, in the remote plasma CVD apparatus, the 
Or-coinaimng gas and the silicon precursor are fed to the matching box(5) 
separately, the precursor being led through a diffusion ringC3)t Further, in the 
direct plasma CVD apparatus shown in FIG. lb, the silicon precursor fed from 

35 the precursor containcr<2) and the Orccnuuniag gas fed from a reactive gas 
container^) are mixed, and (hen supplied to the m at c hin g box(5). 
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In accordance with a preferred embodiment of the present invention, 
there is provided a method for preparing a low dielectric constant SiCOH 
material, which comprises conducting chemical vapor deposition using an 
unsaturated crgHnosilicon or organosiKcate compound having at least one vinyl 
s or ethinyl group and an Or-contaming gas plasma. 

Representative examples of the unsatnrated organosiliccn or 
organoalkate compound having at feast one vinyl or ethinyl group include 
vmyhrimethyisilane, vmyftricflrvlsilane, vtirvnrimcmoxylsilanc, 
vitjyroneihaxylsilane, 13,5-iiTvmyH^ > 5-triroc%^ 
10 13^,7-tetiavhry1-IJ3J^etraniethyJcyc^ 

J 3^\TnylietrimrtnyklisiloxHne, hexsvinyidisuoxaric, allyWmietbylalane, 
aflyJdnDCthaxysftarje, etfainyttrmudtylsilanc, cthmyhrietfayisilaDe and a 
mixture thereof! 

The unsaturated ocgimrwilionn or orgonosiliatte compound may be 
15 gClTffT^^fff m Situ, n«mg an nrganogih'con or orgnnraiTicata having one or more 

halogen substrates!*. 

in another preferred embodiment of the present invention, there ts 
provided a method for preparing a tow dielectric constant SiCOH material, 
which comprises conducting chemical vapor deposition using a mixture of a 

20 saturated organosiheon or organosthcatB compound and an unsaturated 
hydrocarbon with an Or-oorrtaunmg gas plasma. The mixing ratio of the 
saturated argano&ilicon or orga n osiKcate compound and the unsaturated 
hydrocarbon is preferably m the range from 1:0.1 to 1:10. If the mixing ratio 
is less than 0.1, the die lectr ic constant of mc film becomes too high, while the 

25 physical properties of me film become unsatisfactory if the ratio is above 10. 

m the above embodiment, the saturated o rg a no ai h oon or orgaoosihcBte 
compound, or the unsaturated hydrocarbon may have one or more halogen 



Representative examples of the saturated organ osiltcon. or organosihcate 
30 compound inemde nimethyisilane, tietfaylsilane, trhnemcxysilane, 
tricthoxysikne, tetramethylailane, tetraemylsilane, tetrmnethoxyailane, 
terrtethoxysilane, hexatnewylcyclomsilcoaue, tetramethylcyclotetrasiloxane, 
tetraeftylcydotetrasiloacane, octamethy Icyciotetrasi 1 oxane, 

hexametfcyidisiloxane, bistrirnethylsirylmethane and a mixture (hereof. 
35 Representative examples of the unsaturated hydrocarbon are HxOCH* 
FiCrCP* HjOCF* HFC=CFH. FjO-OCFj. HjC-OCFfc HFC-OCFH, 
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HC CH, FC CH, FC CF, Cl^-Cd, HjC^CCJi. HC1C-CCIH, 

chc-c-ca* Hjooccu, hcioocoh, ac ch, cic cci, 

Br2C=CBr 2 , HzOCBrj, HBrC=CBrH, BrjC=OCBr 2 , HjC-O-CBrj, 
HBrC=C«CBrH, BrC CH, BrC CBr, hCXl h HjC-dj, HJOCJH, 
5 I 2 C-C<T2, HjOOCIj, fflC=OOH, IC CH and IC CI; and preferred is 
H3C«CHiorPiC=€P 2 . 

The Orccntaioing gas which may be used in the present invention is 
selected from the group consisting of O* NjO, Oj, H2O2. COj, H*0 and a 
mixture thereof 

10 The method of the present invention may farther comprise the step of 
ameabng the deposited film, which may be carried nut at a temperature 
ranging from 100 to 800°C for a period ranging from 0.5 to 8 hrs, preferably at 
450°C far 1 hr, to obtain a thermally stable low dielectric constant SiCOH film. 
The °"™-"K"g step may also mchme a rapid-thermal processing, which may 

is be conducted at a tcmperatoro ranging from 100 to 900°C for about 1 minute 
and a spike-heating step performed for 10 seconds. 

Such tow dielectric constant SiCOH material prepared in accordance 
with the method of me present mvenooo has a dielectric constant (k) of 2.8 or 
below; and, further, me thermally stable SiCOH film formed afler annealing 

20 has an exceptionally low dielectric constant (lc) in the range of 1.6 to 2.6, tfae 
dielectric constant (10 being coriroflabfce by ad^isting the process variables. 

The present mvenrion is further described and illustrated in Examples 
provided below, which, are, however, not intend ad to limit the scope of the 
present invention. 

25 

Example 1 

A SiCOH film was deposited on a JPt substrate using 
vmytariricmylailarie<VTMS, SiC$Hu) and Oj in the direct plasma apparatus 
shown in FIG. lb. The flow ratio of Oj/VTMS was varied in the range of 1 
30 to 13.3 during die film deposition. The pressure and ternperatnre in tfae 
reactor were ImmHg and 30°C, respectivery, and the applied plasma power, 
60 W. The film so deposited was annealed under an Ar atmosphere at a 
temperature in the range of 300 to 500°C, to obtain a low dielectric constant 
film. 

33 As shown in FIG. 2, the resrjectjve carbon contents of the deposited 
film and the film annealed at 450°C become lower with the increasing flow 
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ratio of CVVTMS. FIG. 3 exhibit* that the annealed film at 450*C has a 
dielectric constant ran gin g from 1.8 to 2.4, while the deposited film without 
the annealing baa a dielectric constant ranging from 23 to 2.8. FIGS. 4 and 
5 show the changes in the dielectric constant of the film obtained in Example 
S 1 with the changes in the amtnaling temperature and annealing time at the 
O/VTMS flow ratio of 2. respectively. 

Comparative Example 1 

The procedure of Example 1 was repeated using tetrarnethytsilane<4MS, 
10 SiGiHit) in place of VTMS, to obtain a deposited fDm. As shown in FIG. 3, 
the film thus obtained has a dielectric constant ranging from 3.0 to 3 J, 
which ia higher than mat of the deposited Him obtained m Example I. 

Example 2 

i5 Except that a mixture of tetramethylsilane(4MS» SiOHjz) and CJ A 
(1:1) was used instead of VTMS. the procedure of Example 1 was repeated to 
obtain a deposited film, which was snbseqoendy annealed. 

FIG. 6 and FIG. 7 show the carbon contents and dielectric constants of 
the deposited film and the annealed film, rwpcenvery. The deposited film 

20 has a dielectric constant of 3.0 or below, and the film annealed at 450°C has 
a dielectric constant of 2J or below. FIG. 8 and FIG. 9 show the effects of 
the annealing temperature (annealing time*0.5hr) and annealing tins 
(annealing tumpuftUai-40Q»C) at the Cy(4M&+dF<) flow ratio of 4- on the 
didectric constant of the film, respectively. The film annealed at 300 to 

25 500°C for 0.3 hr has a dielectric constant of 2.75 or below. 

Examples 

The procedure of Example 1 was repeated using 
tctravinytletimiijed^ SuO^CuH*) in place of 

30 VTMS, to otto a derated fim\w 

FIG. 10 and FIG. 1 1 show the carbon contents and dielectric constants 
of the deposited film and the annealed film, respectively. The deposited 
film has a dielectric constant of 2.4 or below, and the fihn annealed at 450°C, 
a dielectric constant of 2.2 or below. FIG. 12 and FIG. 13 show the effects 
35 of the «nn«itm g temperature (annealing time=0Jhr) and annealing time 
(annealing temperatnxe-450°C) at the OyTVTMCTSO flow ratio of 4 on the 
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dielectric constant of (be film, respectively. The film annealed at 300 to 
50O°C for 0.5 br base dielectric constant of 2.1 or below. 

Comparatrre F""»pl» 2 
5 The procedure of Example 1 was repeated using 
t en ai ^ylcyc!otenTialcocflne<TMCTSO > SUO^C+H,*) in place of VTMS. to 
obtain a deposited firm. As shown in FIG. 11, the film thus obtained had a 
dielectric constant ranging from ZS to 3.3, which is higher than that of the 
deposited film obtained in Example 3. 

10 

Exjunnk4 

Except that a mixture of tBt3rnethyfcyclotctraailOTanB(TM CTSO, 
SuC^CtHic) and C 2 K. (1:1) was used Instead of VTMS, the procedure of 
Example I was repeated to obtain a deposited film, which was subsequently 
15 annealed. 

FIO. 14 and FIG. 1 5 depict the carbon contents and dielectric constants 
of the deposited film and the annealed film, respectively. The deposited 
film has a didectno constant of 2 J or below, and the film annealed at 4S0°C 
has a dielectric constant of 2.2 or below. FIG. 16" and FIG. 17 show the 
20 effects of the aimralmB temperature (annealing time=0 Jhf) and annealing 
time (annealing te i up u fl£L m ^4 QQ°C) at the (TMCTSQK^hU) flow ratio of 2 
on the dielectric constant of the film, respectively. The film annealed at 
300 to 500°C for 0.5 hr has a mekctric constant of 2.05 or below. 



25 Examples 

The procedure of E xam ple 1 was repealed using <uallyid rrnethylsilane 
(DADMS, SiCtHu) in place of VTMS, to obtain a deposited film, which was 
subsequently annealed. 

FIG. 18 and FIG. 19 show the carbon contents and dielectric constants 

30 of the deposited film and the annealed film, resp e ctiv ely. The deposited 
film has a dielectric constant of 2.8 or below, and the film annealed at 450*0, 
a aj'eiectric constant of 2.4 or below. FIG. 20 and FIG. 21 show the effects 
of the annealing temperature (annealing trmc= , 0.5hr) and annealing time 
(annealing (arrpenUunr450°Q at the OyDADMS flow ratio of 4 on mo 

35 dielectric constant of the film, respectively. The firm annealed at 300 to 
500X for 0.5 hr has a dielectric constant of 2.35 or below. 
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Example 6 

Except thai I^^inyltetraraethyUisUcnuuK^DVTMDSO. SijOCtHu) 
was used in place of VTMS, the procedure of Example 1 was repeated to 
5 obcun a deposited film, which was subsequently annealed 

FIG. 22 and FIG. 23 show the carbon contents and dielectric constants 
of the deposited rum and the annealed film, respectively. The deposited 
film has a dielectric constant of 2.9 or below, and the film annealed at 450 C C 
has a dielectric constant of 2.4 or below, FIG 24 and FIG. 25 show the 
10 effects of the annealing temperature (annealing umcHXShr) and annealing 
time (annealing tcmpeyarure"500°C) at the Oj/DVTMDSO flow ratio of 2 on 
the dielectric constant of the fito\ l eapeUivel y . The film annealed at 300 to 
500°C for 0.5 hr has a dielectric constant of 2.1 5 or below. 

is Example 7 

The procedure of Example 1 was repeated using vmylumietlioxvsuane 
(VTMOS, SiOiCsHo) in place of VTMS, to obtain a deposited film, which 
was subsequently annealed 

FIG. 26 and FIG. 27 show the carbon contents and dielectric constants 
20 of the deposited film and the annealed film, respectively. The deposited 
flhn has a dielectric constant in the range of 22 to 2.75, and the film 
annealed at 450°C has a dielectric constant in tbe range of 1 .9 to 2.55 FIG. 
23 and FIG. 29 show tbe effects of die annealing temperature (annealing 
tune=M).5nr) and annealing time (annealing temperature— 450°C) at die 
25 O/VTMOS flow ratio of 2 on me dielectric constant of the film, respectively. 
The film annealed at 300 to 500*0 for 0.5 hr has a dielectric constant of 2.4 
or below. 

Example 8 

30 Except that eminyhrimemybilane (ETMS, SiCsHm) was used in place 

of VTMS, the procedure of Example 1 was repeated to obtain a deposited 

fihn, which was subsequently annealed. 

FIG. 30 and FIG 31 show the carbon contents and dielectric constants 

of the deposited film and the annealed fihn, respectively. The deposited 
3S film has a dielectric constant of 2.65 or below, and the fihn annealed at 

450°C, a dielectric constant of 2.35 or below. FIG. 32 and FIG. 33 show 
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the effects of the annealing temperature (annealing ume^OJfar) and 
annealing time (annealing temperature ai 350 o C) at tie CtyETMS flow ratio of 
4 on the dielectric constant of die film, respectively. The film anneaJed at 
300 to 500*C for 0.5 Ur has a dielectric constant of 2.35 or below. 

S 

Example 9 

The procedure of Example 1 was repeated using a mixture of 
DexamethyWsfloxane<HMDSO T SirOQjHtt) and QH* ( 1 2) in place of VTMS, 
to obtain a deposited film, which was subsequently annealed. 

10 FIO. 34 and FIG. 35 show the carbon contents and dielectric constams 
of the deposited film and the annealed film, respectively. The deposited 
film has a dielectric constant of 3.0 or below, and the film annealed at 450°C. 
a dielectric constant of 2,05 or below. FIG. 36 and FIG. 37 show the 
effects of the annealing temperature (annealing Umc^O.Sbr) and annealing 

l s time (annealing temperatoro»450 o Q at the CV(HMDSO+CjH<) flow ratio of 
4 on me dielectric constant of (he film, respectively. The film annealed at 
300 to 500*C for 0.5 hrbas a dielectric constant ranging Sum 1.7 to 1.9. 

As can be seen from me above results, the low dielectric constant 
SrCOH film prepared by conducting CVD using an Qrconfcnnmg gas plasma 

20 and an tmsaturated organosflicon or orgarwsilicatc compound, or a mixture of a 
saturated organosiheon or orga n os i lica t e compound and an unsaturated 
hydrocarbon in accordance with, the present invention has a dielectric constant 
of 2.6 or below, which is exceptionally lower than conventional low 
k*matBnals. 

25 While the subject invention have been described and illustrated with 
respect to the preferred embodiments only, various changes and modifications 
may be made therein without departing from the essential concept of the 
present invention which should be l imited only by the scope of (he appended 
claims. 
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What is claimed is: 

1. A method for p r ep aring a tow dielectric constant hydrogenated 
siticon-Qxycmfaide (StCO:H) fifao which comprises conducting chemical vapor 
5 deposition raring together with an Orcontaming gas plasma, an organosiiicon 
ot wganosjlicate compound having ai least one vinyl or ethinyl group, or a 
mixture of a taturatod organosiiicon or organosfficato compound and an 
unsaturated hydrocarbon* 

10 2. The method of claim 1 , wbertan the mixture of a saturated orgtnosilicon 
or organosilicate compound and an unsaturated hydrocarbon has a mixing ratio 
ranging from 1:0.1 to 1:10. 

3. The method of claim 1, wherein the organosiiicon or organosilicate 
15 compound having at least one vmyi or ethinyl group is selected from the group 
consisting of vurytotxtetbytsilan^ vmyltrietrrylsflane, vinyl trimethoxy Isilane, 
viny itrictiwocvtsilanc, 1 ,3.5-trrvniyl- 1 ^^uimctriykryctotnaloxsric, 

l><favioyhetrame«^ bcxavinyldisilaxaiK, ai^dimethykilane, 

30 ailyUrrnemoxysilane, etrimyltrraiemylsuane, eminyltricthylsOanc and a 



4. The method of claim 3, wherein the organosiiicon or organosltcaie 
compound having at least one vinyl or eminyi group is selected from the group 
25 consisting of vinyl triraelhy Isilace, 

13-drvTny^etrarne^ vroytarmethcr^^ and 

elhmyltnmethylsilane. 

30 5. The method of claim 1, wh ere in the saturated organosiiicon or 
organosilicate compound is selected from the group consisting of 
trimcthy Isilane, triemylsilane, trimclhoxysUanc, triethoxysilane, 
tetrarnethylsilane, (ctraetfaylsilanc, tetramemoxystiane, tetraemoxysilane, 
hexemetby Icy cl otrisiloxartc, terranwmylcTcktetrasiloxane, 

35 tc^raelhylcyckJtetrasiloxarf^ oaametlryicyctoUrfrasUoxane, 
hexanwrbylo^lmcaTie, btstrrmemylsilylrnethane, vinylo±netrryJsihne» 
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vinyitrietfaylsilanc, vmyltrimcthoxylsilanc, vinyttridbaxylsilane, 
1 34-*™ny*- 1 ^^-trinicthyk^clotrisitoxane, 
1 3^>,7-te&avinyl- 1 3,5 J-tBtramediylcyciotetrisiloxanc, 
1 ^ntivinyhetnandfayldisiloxans, rjexavioyJdisuVnume, aDyidimcthylwlane, 
s aUyldhnerhoxysilane, ethiny&riinethylsil&Jie, dh inyttnetby 1 silanc and a 
mixture thereof 

6. The method of claim 5, wherein the saturated organosiheon or 
orgara silicate compound is selected from tins group consisting of 

10 tdramctbylsilaae, bexnmetbykiisOoianc and tetraincthy1c>^lotctrasi]oxanc. 

7. The method of claim I, wherein the unsaturated hydrocarbon is selected 
from (be group consisting of H 2 C=CH^ P2C-CF2. H2C-CF2, HFOCFH, 
F 2 OC=CF2, HjOOCFi, HFOC-CFH, HC CH, FC CH, FC CP, 

is cijoca* Hjoccu. Hac-ccm. ckco-cci* Ht00ca 2 , 

HOC=OCCIH»aC CH, CIC CC3, BrjOOrfc, HjOOBij, HBrCXSBrH, 
BrjO-O-CBrj, HjOOCBr* HBiO-OOrH, BrC CH, BrC CBr, 
IiC-CI* HzOCJ* fflO-CIH. IiOC-Clx, H^MX^ HICOCIH, 
IC CHandIC CL 

20 

8. The method of claim 7, wherein the unsaturated hydrocarbon is 
HaO-CHjorFjC-CF* 

9. The method of ckim 1. wherein the OzKxmtaming gas is selected from 
25 the group consisting of Oj, NjO, Q,, HjCh, CO* HjO and a rmxtarc thereof 

10. The method of claim 1 further comprising the sop of annealing the 
deposited film at a temperature ranging from 100 to 500°C for 0.5 to S hrs. 



30 11. A low dielectric constant hydrogenatod silicorj-oxycarbide (SiCO:B) 
Sbn prepared by the method of claim 1. 
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tfxwwHJ^ h*^?^ jcfxf h 'J > f ;i/y 7 >^?>*I>^^'?M 

5 ] 

HJxh^yy7>, fK^f^7>, ff^ifJl-y^^, fh7 
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